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MICROCOMPUTER FOR USE WITH VIDEO 
DISPLAY 


BACKGROUND OF THE INVENTION 


1. Field of the Invention 

The invention is for the generation of signals for 
raster scanned video displays employing digital means. 

2. Prior Art 


With the reduced cost of large scale integrated cir- 10 


cuits it kas become possible to provide low-cost mi- 
crocomputers suitable for home use. Ore such use 
which has flourished in recent years is the anplication of 
microcomputers in conjunction with video displays for 
games and graphic displays. Most often an ordinary 
television receiver is employed as the video display 
means. The standard, rasier scanned, cathode ray tubes 
employed in these receivers and like displays, present 
unique problems in interfacing these displays with the 
digital information provided by the microcomputer. 

in presenting color graphics it is, of course, desirable 
to provide high resolution lines and to avoid “ragged” 
lines. In a microcomputer contrclied display, typically a 
single frequency reference source is employed to gener- 
ate the color subcarrier reference signal of 3.579545Mhz 
and the horizontal and vertical synchronization signals. 
If the frequency of the horizontal synchronization sig- 
nals is to remain close to its normal frequency (i.e. 
15,750hz) the horizontal synchronization means must 
operate at an odd-submultiple of the color subcarrier 
frequency. When this occurs there is a phase reversal or 
phase shift of the color subcatrier reference signal when 
compared to color control signal between each of the 
lines of the displey. This results in ragged vertical lines 
unless the coior signals are changed for each line. One 
prior art solution to this problem has been to operate the 
horizcntal synchronization counter at an even submulti- 
ple of the color subcarrier frequency (i.e. 15,989hz). 
This deviation from the standard horizontal synchroni- 
zation frequency typically requires manual adjustment 
of the receiver and for some receivers horizcntal syn- 
chronization may be more difficult to maintain. 

As will be described with the invented microcom- 
puter, the horizonts! counter operates close to its stan- 
dard frequency (15,734hz). Through use of a timing 
compensation means, counting in the horizontal syn- 
chronization counter is delayed to compensate for the 
fact that the counter operates at an odd-submultiple 
frequency of a color reference signal. in this manner, 
phase reversal of the color reference signal is eliminated 
and sharp graphic displays are provided without com- 
plex programming. 

In many prior art microcomputer controlied displays, 
color information is stored as four digital bits which are 
used to designate green, red, blue, and high/low inten- 
sity. The color generatioa means generally includes a 
signal generator for generating the pure color signals 
(CW). These pure color signals are then gated and 
mixed in accordance with the binary siate of the four 


bits to provide s color signal compatible with standard 60 


television receivers. Generation of the video color sig- 
nal in this manner is complex and requires a substantial 


amount of circuitry. 
The invented raicroprocessor includes a recirculating 


is 


shift register which circulates four bits of information. 65 


In this manner video color signals are generated di- 
rectly from digital information without the cumber- 
some generation techniques en:ployed in the prior art. 
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SUMMARY OF THE INVENTION 


A microprocessor for use with a video display is 
described. The microprocessor includes an improved 
timing apparatus which provides well-defined color 
graphics on a standard, raster scanned, cathode ray 
tube. A timing reference means is employed to provide 
a color reference signal for the video display. A hori- 
zontal syuchronizstion means which is synchronized to 
the timing reference means provides horizontal syn- 
chronizssion signals for the disolay. These signals occur 
at a rate which is an odd-cubmultiple of the color refer- 
ence signal frequency. The tirning apparatus includes a 
compensation means which is coupied to doth the tim- 
ing reference means and the synchronization means for 
periodically adjusting the horizontal synchronization 
signals such that these signals remain in phase relation- 
ship with the coler reference signal. 

The microcomputer also includes a unique color sig- 
nal generation means which uses a recirculating shift 
register. This zegister 1eccives digital signals representa- 
tive of colcy from memory and circulates this data at a 
predetermined rate. In this manner a color signal suit- 
able for use with a video display is generated from the 
digital signals. 

BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a general block diagram illustrating the 
invented microcomputer in its presentiy preferred em- 
bodiment. 

FIG. 2 is a block diegram of the video generator 
employed in the microcomputer of FIG. 1. 

FIG. 3 is a block diagraza of the timing and synchro- 
nization generator employed in the computer of FIG. 1; 
and 

FIG. 4 is a graph illustrating several waveforms gen- 
erated by the video generator of FIG. 2. 


DETAILED DESCRIPTION OF THE 
INVENTION: 


A microcomputer is disclosed which is particularly 
suitable for controlling color graphics on a stm.dard, 
raster scanned, cathode ray tube. The described mi- 
crocemputer includes a video generator which gerez- 
ates color signals directly from digital information, and 
a timing means which provides weli defined color 
graphics, particularly in the vertical direction, without 
complex programming. 

In the following description, rumerous well-known 
circuits are shown in block diagram form in order not to 
obscure the described inventive concepts in unneces- 
sary detail. In other instances, very specific details such 
as frequencies, number of bits, specific codes, etc., are 
providing in order that these inventive concepts may be 
clearly understood. It will be apparent to one skilled in 
the art that the described inventive concepts may be 
employed without use of these specific details. 

Referring now to FIG. 1, the microcomputer in- 
cludes a central processing unit (CPU) or microproces- 
sor 10. While any one of a plurality of commercially 
available microprocessors may be empioyed such as the 
M6800 or 8080, in the presently preferred embodiment, 
a commercially available microprocessor, Part No. 
6502, is employed. CPU 10 communicates with the data 
bus 18 through a bidirectional tri-state buffer 12. The 
CPU 10 is also coupled to the address bus 20 through a 
tri-state buffer 13. 
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The microcomputer, in its presently preferred em- 
bodiment, includes two memories. The firs: is a 12K 
(bytes) read-only znemory (ROM) 14 which is coupied 
to the data bus 18. This ROM may be a mask program- 
mable memory, E PROM or other read-only meniory. 
The primary data storage for the computer comprises 
the random-access memory 23. In the presently pre- 
ferred embodiment, this memory may contain 4K to 
48K (bytes) and comprises commercially available dy- 
namic MOS memories. The RAM 23 is coupled to the 
input/output interfzce means 21 via bus 30, the data bus 
18 and the video generator 25. 

The timing signals for the microcomputer are pro- 
vided by the timing and synchronization generator 15. 
The novel portions of this generator shall be described, 
in detail, in coajunction with FIG. 3. This generator 
provides tining signals for the microcomputer, and 
additionally, synchronization signals for the video dis- 
play. Among thu signais provided by the generator 15 
are 2+Mhz timing signals on lines 32 for the RAMs 23 
and a 14.318!8Mhz signal on line 33 for the video gener- 
ator 25. The timing aad synchronization generator 15 
also provides timing signals for the decoder 16 and for 
the address raultiplexer 28. ; 

The address decoder 16 receives address signals from 
the address bus 20 and decodss them in a well-known 
raanner. The address decoder 16 is coupled to the ROM 
14 and to the RAM 23. Address signals are also received 
from the bus 20 by the address multiplexer 28 which 
couples these signals to the RAM 23. 

The input/output interface means 22 provides ports 
which allows the microprocessor to be electrically cou- 
pled to a cassette jack or to a connector used for receiv- 
ing game input/output signals. Known buffers and tim- 
ing meuns may be employed for this purpose. 

The video generator 25 receives signals from the 
input/ouiput interfece means 21 and also from the 
RAM 23. This generator provides an output video sig- 
nal on line 26. Video generator 25 shali be described, in 
detail, in conjunction with FIG. 2. 

In the presently preferred eznbudiinent, the entire 
microcomputer of FIG. 1 is fabricated on a single 
printed circuit board. This board includes connectors to 
allow the computer to be connected to a cassette play- 
back means, or other devices. As will be appreciated, 
numerous well-known interconnections, driver means 
and other circuits employed in the microcomputer are 
not shown in FIG. 1. For a detailed description of cir- 
cuits and interconnections which may be employed in 
the microprocessor of FIG. 1, including a transparent 
refresh cycle for the RAMs 23, see “A CRT Terminal 
Using The M6800 Family” by Roy & Morris, Interface 
Age, Volume 2, Issue 2, January 1977. 

Referring now to FIG. 3, the timing and synchroniza- 
tion generator (timing mean.) includes a frequency 
reference source, crystal oscillator 51. The output of 
oscillator 51 is counted to # buffer 52 which provides a 
14.318i8Mhz signal cn Ene 33 for the presently pre- 
ferred emocd:ment. This signal is coupled to the video 
generator of FIG. 2 as will be described, and is also 
coupled to the shift register counter 60 and the divider 
55. The divider 55 divides the 14.31818Mhz signal by 
two, thereby providing a 7.15909Mhz signal on line 56. 
This signal is employed by the microprocessor as a 
timing signal, and additionally, is employed by the shift 
register counter 60 as a feedback syschronization sig- 
nal. The signal on line 56 is further divided by two, by 
divider $7, to provide the standard color subcarrier 


4 
reference signal of 3.579545Mhz on line 58. The signal 
on line 58 is used in ax ordiaary manner by the video 
display and also is used as a feedback synchronization 
signal by the shift register counter 60. 

The 14.3Mhz signal on line 33 is divided by seven, by 
the shift register counter 60 to provide a 2+ Mhz signal 
on line 32. This signal is used bv the RAMs 23 of FIG. 
1. This 2+Mihz signal is further divided by divider 62 
(divided by two) to provide a 1+Mbhz timing signal on 
Line 65. This 1+Mbhz signal in addition to being em- 
ployed elsewhere in the microprocessor is used by 
count=rs 63 and 64. 

The “divide-by-65” counter 63 is used to provide the 
horizonts! synchronization signals for the non-inter- 
laced displsy. When the maximum count is reached 


_ withia the counter 63, a signal is provided on line 66 to 


wm 


55 


shift register 69 and also to the vertical synchronization 
counter 64. The counter 64 is employed to divide this 
signal by 252 to provide vertical synchronization sig- 
nals. 

In the presently preferced embodiment, the display is 
divided into a 65262 arcay. However, 25 of the 65 
horizontal character positioas are employed for blank- 
ing and 70 of the 262 lines are also employed for blank- 
ing. 

It is apparent from FIG. 3 that the horizontal syn- 
chronization signals from counter &3 occur at a fre- 
quency of approximately 15,734bz. This is very close to 
vie standard horizontal synchronization rate of 
15,750hz. Each count of the counter 63 includes 3} 
color cycle of the color subcarrier reference frequency; 
morecver, the tctai number of color cycles per line is 2 
ron-integer. As a result, the color subcarrier reference 
signal will be shifted 180° for each new lines. Uvless 
some corrective action is taken this will result in ragged 
vertical lines. As will now be described, compensation 
is provided by delaying the occurreiice of the 1+Mkz 
timing signal once for each line by a period of time 
corresponding to $ cycle of the 3.58Mz subcarrier refer- 
ence signal. a 

As shown in FIG. 3, the normal counting sequency 
for the shift counter 69 includes seven states. When the 
last stage of the four stage counter contains a binary- 
zero, a binary-one is loaded into the second stage (posi- 
tion 70). The first and second stages receive the output 
of the second stage when the last stage contains a bi- 
nary-zero. Thus, the states become 1110 after the next 
shift, and finally the states become 1111 as indicated by 
path 68. 

Each time a signs] occurs on line 66 (every 65 cycles 
of the 1+Miz signal) tke normal sequencing within the 
counter 60 is altered as shown by the extended sequence 
of FIG. 3. When a signal occurs on line 66 and when the 
count of 0000 is reached, the loading of tie binary-one 
into the second stage (position 79) is delayed for two 
cycles of the 14.318Mhz clock. These two cycles corre- 
spond to 180° of the 3.58Mhz sienal. After these two 
cycles, a binary-one is then loaded into the second 
stage, followed by the loading of binary-ones into the 
first and third stages. As indicated by path 69, a normal 
counting sequence then occurs. By extending the count 
within counter 60 as described, compenstion occurs 
which provides vertical color alignment from line-to- 
line. 

Referring now to FIG. 2, the video generator 25 of 
FIG. 1 includes two, four bit shift registers 36 and 37. 
Each of these four bit shift registers is coupled to re- 
ceive four bits of data on lines 30 from the RAM 23. 
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The registers 36 and 37 receive a load signal on line 49 
which causes the data on lines 30a through 30h to be 
shifted into the registers. The fisst stage of register 37 
(Ig) is coupled to a multiplexer 33 by line 42. The third 
stage of register 37 (1,) is also coupled to the multiplexer 
38 by line 43. In a similar fashion, the first stage of the 
register 36 (I,) is coupled by line 44 to the multiplexer 
38, and the third stage of this register (13) is also coupled 
to the multiplexer 38 by line 45, 

Line 4 is coupled to the fourth stage of register 36 in 
order that four bits of data within register 36 may be 
recirculated. (Registers 36 and 37 shift data from left to 
right, that is, toward their first stage). The line 42 may 
be selectively coupled to the fourth stage of register 37 
through the multiplexer 40 in order that four bits of data 
within register 37 may be recirculated. Line 44 may be 
coupied through the multiplexer 40 to the fourth stage 
of the shift register 37. When this occurs, the shift regis- 
ters 36 and 37 operate as a single eight bit shift register. 

Control signals designated as even/odd X (line 47) 
and upper/lower Y (line 49) are used to control multi- 
plexer 38. During the color graphics mode the registers 
36 and 37 operate as separate registers and data is alter- 
nately selected for coupling to line 26 by multiplexer 38. 
The upper/lower Y signal, during the color graphics 
mode, allow selection of data from either register 36 or 
37. The odd/ever X signa! then toggles the data from 
the selected register by alternating selecting Ip or I, if 
register 37 is selected, or I, or 1; if register 36 is selected. 

During the color graphics mode as presently imple- 
mented, eight bits of color information are shifted (in 
parallel) into the registers 36 and 37 from the RAM 23 
at a 1+ Mhz rate. This data is recirculated within regis- 
ters 36 and 37 at a rate of 14.31818Mhz by the clocking 
signal received on line 33. The circulation of the data bit 
within the registers 36 and 37 at this rate provides sig- 
nals having a 3.58Mhz component and as will be de- 
scribed, these sigzals may be readily employed for pro- 
viding color signals for video display. 

In the color graphics mode, as presently imple- 
mented, each of the display characters is divided into an 
upper and lower coior rectangle. The RAM 23 provides 
the four bits of color data for the upper rectangles to 


25 


registers 36 and for the lower rectangles to register 37. 45 


This color data for the presently preferred embodiment 
is coded as follows: 

Red; 0001 

Pink; 1011 

Blue; 0919 

Light Blue; 0111 

Dark Green; 0100 

Light Green; 1110 

Brown; 1000 

Yellow; 1101 

Medium Violet; 0011 

Medium Blue; 0110 

Medium Green; 1100 

Orange; 1001 

White; 1111 

Grey; 1010 

Gray; 0101 
When colors are coded in this manner and circulated at 
the rate of 14.318Mhz in the registers, video color sig- 


nals compatible with standard television receivers are 65 


produced. The resultant signal for red is shown on line 
71 of FIG. 4, iight blue on line 72, brown on line 73 and 
gray on lines 74 and 75. 
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Briefly referririg again to FIG. 3, each count of the 
horizontal synchronization counter 63 corresponds to 
3$ cycles of the subcarrier reference signal. Thus, a 180° 
phase shift occurs from character-to-character with 
respect to the color subcarrier reference signal. This 
means that the color signals must be shifted by 180° by 
the generator of FIG. 2, or the coding fer these signals 
must be alternated for odd and even horizontal charac- 
ter positions. In the presently preferred embodiment, a 
180° phase shift for the color signals is obtained by 
toggling between the first or third stages of the selected 
registers. For example, assume that the lower portion of 
a character is being displayed and that the color infor- 
mation is thus contained within register 37. Further 
assume that this information is being circulated, that is, 
line 42 couples siage 4 to stage t through the multi- 
plexer 49. For even horizontal character positions, as 
indiceted by the signal on line 47, the phase select multi- 
plexer 38 couples the Ip signal to line 26. For the odd 
positions, a 180° phase shift is obtained by seleciing the 
1; signal. 

During a second mode of operation the generator of 
FIG. 2 is used for providing high resolution grephics. In 
this case, eight bits of information are provided by the 
RAM 23 to the registers 36 and 37. For this high resolu- 
tion mode line 4Z is coupled to the video line 2€ aad the 
eight bits of data from RAM 23 are serially coupled to 
the video line 26 at the 14.318Mhz rate. The multiplexer 
40 couples line 44 to the fourth stage of register 37 to 
provide a single eight bit shift register. The resultant 
signals are shown on lines 77 and 78 of FIG. 4. The 
signals on lines 77 and 78 provide either a green or 
violet display. In the presently preferred embodiment, 
data changes are employed to obtain the compensation 
provided by the multiplexer 33 during the color graph- 
ics mode. 

Thus, a microcomputer has been disclosed which is 
particularly suitable for controlling a color video dis- 
play. The unique timing means provides well defined 
vertical color lines without complicated programming 
changes while allowing the generation of horizontal 
synchronization signals at close to the standard rate. 
The unique video generator allows the generation of 
color signals directly from digital signals without the 
complex circuitry often employed in the prior art. 

I claim: 

1. In a microcomputer for use with a video display an 
improved timing apparatus comprising: 

a timing reference means for providing a color refer- 

ence signa! for said video display; 

a horizontal synchronization means for providing 
horizontal synchronization signals for said display, 
said synchronization means coupled to said timing 
reference means for synchronization with said ref- 
erence means such that said synchronization sig- 
nals occur at an odd-submultiple of said color refer- 


ence signal; 


60 ‘timing compensation means coupled to said timing 


reference means and said horizontal synchroniza- 
tion means for adjusting seid horizontal synchroni- 
zation signals such that said horizontal synchroni- 
zation signals are in phase relationship with said 
color reference signal; 

whereby the color graphics on a raster scanned cath- 
ode ray tube are sharply defined in the vertical 
direction. 
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2. The apparatus defined by claim 1 wherein said 
horizontal synchronization means comprises a digitel 
counter, 

3. The apparatus defined by claim 2 wherein said 
timing compensation means periodically delays count- 
ing in said counter. 

4. The apparatus defined by claim 3 wherein said 
color reference signal is an approximately 3.58Mhz 


signal and said hovizontal synchronization signals occur 10 


at a frequency of approximately 15,734Hz. 

5. In a microcomputer for use with a video display an 

improved timing apparatus comprising: 

a horizontal synchronization counter; 

a timing reference means for synchronizing said 
counier and for providing & color reierence signal, 
said reference signal frequency being an odd-mutti- 
ple greater than the rate at wich counting occurs 
in said counter; 


delay means for delaying counting in said counter 
when the count in said counter reaches a predeter- 
mined count, said delay means coupled to said 
horizontal synchronization counter and said timing 
reference means; 

whereby weil-defined color graphics may be readily 

stored and displayed on said video display. 

6. The apparatus defined by claira § including a digi- 
tal divider for dividing by an odd-integer ccupled be- 
tween said reference means and said counter. 

7. The apparatus defined by claim 6 wherein said 
digital divider includes a shift register counter and 
wherein the loading of digital signals in said register 
counter is interrupted when said predetermined count is 
reached. 

8. The 2oparatus defined by claim 7 wherein said 
color reference signal is an approximately 3.58Mhz 
signal and said predetermined count is reached at @ 
frequency of approximately 15,734iiz. 
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